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EXPANDING A TUBULAR MEMBER 
Cross Reference To Related Applications 

The present application claims the benefit of the filing date of U.S. provisional 
patent application serial no. 60/183,546, attorney docket no. 25791.10. filed on 
2/1 8/2000, the disclosure of which is incorporated herein by reference. 

This application is a continuation-in-part of U.S. Serial No. 09/559.122, attorney 
docket number 25791.23.02. filed on 4/26/2000. which claimed the benefit of the filing 
date of U.S. provisional patent application serial number 60/131,106, filed on 
4/26/1999, which was a continuation-in-part of U.S. patent application serial number 
09/523.460. attorney docket number 25791.11.02, filed on 3/10/ 2000, which claimed 
the benefit of ttie filing date of U.S. provisional patent application serial no. 60/124.042. 
filed on 3/11/1999. which was a continuation-in-part of U.S. patent application serial 
number 09/510,913, attorney docket number 25791.7.02, which claimed tt>e benefit of 
the filing date of U.S. provisional patent application serial number 60/121,702, filed on 
2/25/1999, which was a continuation-in-part of U.S. patent application serial number 
09/502.350, attorney docket number 25791.8.02, filed on 2/10/2000, which daimed ttie 
benefit of ttie filing date of U.S. provistonal patent application serial number 
60/119.611, attomey docket number 25791.8, filed on 2/11/1999, which was a 
continuation-in-part of U.S. patent application serial number 09/454,139, attomey 
docket number 25791.3.02, filed on 12/3/1999, which claimed ttie benefit of ttie filing 
date of U.S. provisional patent application serial number 60/111,293, filed on 
12/7/1998. 

The present application is related to ttie following U.S. patent applications: (1) 
utility patent application number . attomey docket number 25791.9.02, 

filed on 11-16-1999. which claimed ttie benefit of the filing date of provisional patent 
application number 60/108,558. attomey docket number 25791.9, filed on 11-16-1998; 

(2) utility patent application number . attomey docket number 25791.3.02, 

filed on 12-3-1999. which claimed the benefit of the filing date of provisional patent 
application number 60/111.293, attomey docket number 25791.3, filed on 12-7-1998; 

(3) utility patent application number , attomey docket number 

25791.8.02. filed on 2-10-2000, which claimed ttie benefit of ttie filing date of 
provistonal patent application number 60/119,611. attomey docket number 25791.8, 
filed on 2-11-1999; (4) provisional patent application number 60/121.702, attorney 
docket number 25791.7, filed on 2-25-1999; (5) provisional patent application number 
60/121,841, attomey docket number 25791.12, filed on 2-26-1999; (6) provisional 



patent application numt>er 60/121,907, attorney docket numt>er 25791.16, filed on 2- 
26-1999; (7) provisional patent application numt>er 60/124,042, attorney docket number 
25791.11, filed on 3-11-1999; (8) provistonal patent application number 60/131,106, 
atlomey docket number 25791.23, filed on 4-26-1999; (9) provisional patent application 
5 number 60/137,998, attorney docket number 25791.17. filed on 6-7-1999; (10) 
provisional patent application number 60/143,039. attorney docket number 25791.26, 
filed on 7-9-1999; (11) provisional patent appllcatk>n number 60/146.203. attorney 
docket number 25791.25. filed on 7-29-19^; (12) proNrtsional patent aw>licatton 
number , attorney docket number 25791.29. filed on 9-16-1999; (13) 

10 provistonal patent applicatkxi number . attorney docket number 

25791.34, filed on 10-12-1999; (14) provistonal patent application number , 

attorney docket number 25791.36. filed on 10-12-1999; (13) provistonal patent 
applicatton number 60/159,033, attorney docket number 25791.37, filed on 10-12- 
1999; (15) pro\nsional patent application number , attorney docket 

15 number 25791.27. filed on 11-0M999. 

Appltoants incorporate by reference the disctosures of ttese applications. 

Background of the Invention 
This invention relates generally to wellbore casings, and in particular to wellbore 
casings that are fomried using expandable tubing. 

20 Conventionally, when a wellbore is crsated, a number of casings are installed In 

the borehole to prevent collapse of the borehole wall and to prevent undesired outftow 
of drilling fluid into the formatton or inflow of fluki from the fomnatton into the borehole. 
The borehole is drilled in inten^als whereby a c^ing whtoh is to be installed in a lower 
borehole interval is lowered through a prevtously installed casing of ah upper borehole 

25 interval. As a consequence of this procedure the casing of the tower interval is of 
smaller dteometer than the casing of the upper interval. Thus, the casings are in a 
nested arrangement with casing diameters deo^sing in downward direction. Cement 
annul! are provkJed between the outer surfaces of the casings and the borehole wall to 
seal the casings from the borehole wall. As a cc^sequence of this nested arrangement 

30 a relatively large borehole diameter is required at the upper part of the wellbore. Such 
a large t>orehole diameter involves Increased costs due to heavy casing handling 
equipment, large drill bits and increased volumes of drilling fluid and drill cuttings.. 
Moreover, increased drilling rig time is involved due to required cement pumping, 
cement hardening, required equipment changes due to large variations in hole 
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diameters drilled in the course of the well, and the large volunoe of cuttings drilled and 
removed. 

Conventionally, at the surface end of the wellbore, a wellhead is fonrod that 
typically includes a surface casing, a numt}er of productton and/or drilling spools, 
valving, and a Christmas tree. Typically the wellhead further includes a concentric 
anrangement of casings including a production casing and one or more intermediate 
casings. The casings are typically supported using load bearing slips positioned above 
the ground. The conventional design and construction of wellheads is expensive and 
complex. 

Conventionally, a wellbore casing cannot be formed during the drilling of a 
wellbore. Typically, the wellbore is drilled and then a wellbore casing is formed in the 
newly drilled section of the wellbore. This delays the completion of a well. 

The present invention is directed to overcoming one or more of the limitations of 
the existing procedures for forming wellbores and wellheads. 

Summary 

According to another embodiment of the present invention, a method of 
e)q)anding a tubular member is provided that includes placing a mandrel within the 
tubular member, pressurizing an annular region within the tubular member above the 
mandrel, and displacing the mandrel with respect to the tubular member. 

According to another embodiment of the present invention, an apparatus for 
radially expanding a tubular member is provided that includes a first tubular member, a 
second tubular merriber positioned within the first tubular member, a third tubular 
member movabiy coupled to and positioned wilhin the second tubular member, a first 
annular sealing member for sealing an interface between the first and second tubular 
members, a second annular sealing member for seating an interface t>etween the 
second and third tubular members, and a mandrel positioned within the first tubular 
member and coupled to an end of the third tubular member. 

According to another embodiment of the present invention, an apparatus is 
provided that includes a tubular member, a piston adapted to expand the diameter of 
the tubular member positioned within the tubular member, and an annular chamber 
defined by the piston and tubular member. The piston includes a passage for 
conveying fluids out of the tubular member. 

According to another emt>odiment of the present invention, an apparatus is 
provided that includes a preexisting structure arKl a tubular member coupled to the 
preexisting structure. The tubular member is coupled to the preexisting structure by 



the process of: posttionihg the tubular member in an overlapping relationship to the 
preexisting structure, placing a mandrel within the tubular member, pressurizing an 
annular region within the tubular member above the mandrel, and displacing the 
mandrel with respect to the tubular member. 
5 According to another embodiirant of the present invention, a method of 

expanding a tubular memb^ is provided that includes prefomning the tubular member 
to include a first portion, a second portion, and d third portion, placing a mandrel within 
the second portion of the tubular member, pressurizing a region within the tubular 
member, and d»pladng the mandrel with respect to the tubular member. The inside 

10 diameter of the second portion of the tubular member is greater than the inside 
diarneters of the first and third portions of the tubular member. 

According to another embodiment of the present invention, an apparatus for 
radially expanding a tubular memt>er is provided that includes a first tubular member, a 
second tubular memt)er coupled to the first tubular member, a third tubular rr>emt>er 

15 coupled to the second tubular rrtember, and a mandrel positioned within the second 
tubular niember and coupled to an end portion of the third.tubular member. The inside 
diameter of the second tubular member is greater than the inside diameters of the first 
and third tubular members. 

Accordbig to another embodiment of the present invention, an apparatus is 

20 provided that includes a tubular member having first, second, and third portions, a 
piston adapted to expand the diameter of the tubular memb«ir positioned within the 
second portion of the tubular memtier, the piston including a passage for conveying 
fluids out of the tubular member. The inside diameter. of the second portion of the 
tubular member is greater than the mside diameters of the first and third portions of ttte 

25 tubular member. 

According to another embodiment of the present inventim. an apparatus is 
provided that includes a preexisting structure and a tubular member coupled to the 
preexisting structure. The tubular member is coupled to tfie preexisting structure by 
the process of: prefbnming the tubular member to include first, second, and third 

30 portions, positioning the tubular member in an overlapping relationship to the 
preexisting structure; pladng a mandrel within the second portion of the tubular 
member, pressurizing an Interior region within the tubular niember, and displacing the 
mandrel with respect to the tubular member. The inside diameter of the second portion 
of the tubular member is greater than the inside diameters of the first and third portions 

35 of the tubular member. 



The present embodiments of tto invention provide methods and apparatus for 
forming and/or repairing wdlbore casings, pipelines, and/or strndural supports by 
radially expanding tubular members. In this msNnner, the fonfnation and repair of 
wellbore casings, pipelines, and structural supports is Improved. 
5 Brief Description of the Drawings 

FIG. 1a is a fragmentary cross-section illustration of an emtxxiiment of an 
apparatus and method for expanding tubular nnembers. 

FIG. lb is another fragmentary cross-sectional illustration of tiie apparatus of 
FIG. la. 

10 FIG. 1c is another fragmentary cross-sectional illustration of the apparatus of 

FIG. la. 

FIG. 2a is a fragmentary cross-secbon illustration of an embodiment of an 
apparatus and method for expanding tubular members. 

FIG. 2b is another fragmentary cross-sedional illustration of the apparatus of 
15 FIG. 2a. 

FIG. 2c is another fragmentary cross-^sectbnai illustration of the apparatus of 
. RG.2a. 

FIG. 2d is another fragmentary cross-sectional illustration of the apparatus of 
FIG. 2a. 

20 FIG. 2e is another fragmentary cross-sectional illustration of the apparatus of 

FIG. 2a. 

Detailed Description of the Illustrative Embodiments 
Refening now to FIGS, la, lb and Ic, an an>aratus 100 for expanding a 
tubular member will be described. In a prefenred embodiment, the apparatus 100 
25 includes a support member 105, a packer 1 10, a first fluid conduit 1 15, an annular fluid 
passage 120, fluid inlets 125, an annular seal 130, a second fluid conduit 135, a fluid 
passage 140, a mandrel 145, a mandrel launcher 150, a tubular member 155, slips 
160, and seals 165. In a prefenred embodiment, the apparatus 100 is used to radially 
expand the tubular member 155. In this manner, the apparatus 100 may be used to 
30 fomn a wellbore casing, line a wellbore casing, fomn a pipeline, line a pipeline, fomi a 
structural support member, or repair a wellbore casing, pipeline or structural support 
member. In a preferred embodiment, the apparatus 100 is used to dad at least a 
portion of the tubular member 155 onto a preexisting tubular member. 

The supix>rt meml}er 105 is preferably coupled to the packer 110 and the 
35 mandrel launcher 150. The support member 105 preferably is a tubular member 
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fabricated from any number of conventionai commercially available materials such as, 
for example, oilfield country tubular goods, low alloy steel, cart)on steel, or stainless 
steeh The support member 105 is preferably selected to fit through a preexisting 
section of wellbore casing 170. In this manner, the apparatus 100 rpay be positioned 
within the wellbore casing 170. In a preferred emt)odiment. the support member 105 is 
reieasably coupled to the nrtandrel launcher 150. in this manner, the support member 
105 may be decoupled from the mandrel launcher 150 upon the completion of an 
extrusion operation. 

The padcer 1 10 is coupled to the support member 105 and the first fluid conduit 
115. The packer 110 preferably provides a fluid seal between the outside surface of 
the first fluid conduit 115 and the inside surface of the support member 105. In this 
manner, the packer 110 preferably seals off and, in combination with the support 
member 105, first flukl conduit 115. second flukJ conduit 135, and mandrel 145, defines 
an annular chamber 175. The packer 110 may be any number of conventtonal 
commercially available packers modified In accordance with the teachings of the 
present disclosure. In a preferred embodiment, the packer 110 is ah RTTS packer 
available from Halliburton Energy Services in order to optimally provide high load and 
pressure containrnent capacity while also altowing the packer to be set and unset 
multiple times without having to pull the packer out of the wellbore. 

The first fluid conduit 115 is coupled to the packer 110 and the annular seal 
130. The first fluid conduit 115 preferably is an annular menriber fabricated from any 
number of conventtohal oommerdafly available materials such as, for example, oilfield 
country tubular goods, low alloy steel, cariton steef, or stainless steel, in a preferred 
embodiment, the first fluid conduit 115 includes one or more fluM. inlets 125 for 
conveying fluidic materials from the annular fluid passage. 1 20 into the chamber 1 75. 

The annular fluid passage 120 is defined by and positioned between the interior 
surface of the first fluid conduit 115 and the interior surface of the second fluid conduit 
135. The annular fluid passage 120 is preferably adapted to convey fluidic materials 
such as cement water, epoxy, lubricants, and sla^ mbc at operating pressures and flow 
rates ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 psi In order to 
optimally provkje ftow rates and operatk>nal pressures for the radial expansiori process. 

The fluW inlets 125 are positioned in an end portten of the flrst fluid conduit 1 15. 
The fluid inlets 125 preferably are adapted to convey fluWIc nnaterials such as cement, 
water, epoxy, lubricants, arid slag mix at operating pressures and flow rates ranging 
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from about 0 to 9,000 psi and 0 to 3,000 gallons/minute in order to optimally provide 
flow rates and operattonal pressures for the radial expansion process. 

The annular seal 130 is coupled to the first fluid conduit 115 and the second 
fluid conduit 135. The annular seal 130 preferably provides a fluid seal between the 
5 interior surface of the first fluid conduit 115 and the exterior surface of the second fluid 
coiKluit 135. The annular seal 130 preferably provides a fluid seal between the Interior 
surface of the first fluid conduit 1 15 and the exterior surface of the second fluid conduit 
135 during relative axial motion of the first fluid conduit 115 and the second fluid 
conduit 136. The annular seal 130 may be any number of conventional commerdally 
10 available seals such as, for example, 0-rings. polypak seals, or metal spring eriergized 
seals. In a prefen^d embodiment, the annular seal 130 is a polypak seal available 
from Paricer Seals. 

The second fluid conduit 135 is coupled to the annular seal 130 and the 
mandrel 145. The second fluW conduit preferably a tubular member fabricated from 

15 any number of convenflwial commercially available materials such as, for example, 
colled tubing, oilfield country tubular goods, tow altoy steel, stainless steel, or low 
carbon steel. In a preferred embodiment, the second flukJ conduit 135 is adiapted to 
convey fluidic materials such as cement, water, epoxy, lubricants, and slag mfac at 
operating pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 

20 gallons/minute in order to optimally provide flow rates and operational pressures for the 
radial expansion process. 

The fluid passage 140 is coupled to the second fluid conduit 135 and the 
mandrel 145. In a preferred embodiment, the fluid passage 140 Is adapted to convey 
fluidic materials such as cement, water, epoxy. lubricants, and slag mix at operating 

25 pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute in order to optimally provide flow rates and operattonal pressures for the 
radial expansion process. 

The mandrel 145 is coupled to the second fluid conduit 135 and the mandrel 
launcher 150. The mandrel 145 preferably are an annular member having a conic 

30 section fabricated from any number of conventional commerdally available materials 
sudi as. for example, machine tool steel, ceramics, tungsten cart^ide. titanium or other 
high strength alloys. In a preferred embodiment, the angle, of the conic section of the 
mandrel 145 ranges from about 0 to 30 degrees in order to optimally expand the 
mandrel launcher 150 and tubular member 155 in the radial direction. In a preferred 

35 embodiment, the surface of the confc sedton ranges from about 58 to 62 Rockwell C in 
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order to optimally provide high yield strength. In a prefenred embodiment, the 
expansion cone 145 is heat treated in order to optimally provide a hard outer surfooe 
and a resilient interior t>ody in order to optimally provide abrasion restetance and 
fracture toughness. In an alternative embodiment, the mandrel 145 is expandible in 
5 order to further optinr^Hy augnr)ent the radial expansion prooess. 

The mandrel launcher 150 is coupled to the support member 105, the mandrd 
145. and the tubular member 155. The mandrel launcher 150 preferably are a tubular 
member having a variable cross-section and a reduced wall thidcness in order to 
fadlltate the radial expansion process, in a preferred embodiment, the cross-sectionai 

10 area of the mandrel launcher 150 at one end is adapted to mate with the mandrel 145» 
and at the other end, the cross-sectional area of the mandrel launcher 150 is adapted 
to match tfie cross-sectional area of the tubular member 155. In a prefened 
embodiment the wall thkdcness of the mandrel launcher 150 ranges from about 50 to 
100 % of the wall thickness of the tubular member 155 in order to fadlitate the Initiation 

15 of the radial expansion process. 

The mandrel launcher 150 may be fabricated from ar^ number of conventional 
commercially available materials such as, for example, oilfield country tubular goods, 
low allow steel, stainless |5teel, or carbon steel. In a preened embodiment, the 
mandrel launcher 150 is fabricated from oilfield country tububr goods having higher 

20 strength but lower wall thiclcness than the tubular member 155 in order to optimally 
match me burst strength of the tubular member 155. In a preferred embodiment, the 
mandrel launcher 150 is removably coupled to the tubular member 155. In this 
manner, the mandrel launcher ISO may be renfK)ved from the welibore 180 upon the 
completion of an extrusion operation. 

25 In an alternative embodiment, the support member 105 and the mandrel 

launcher 150 are integrally formed. In this alternative embodiment, the support 
member 105 preferably temriinates above the top of the packer 110. In this alternative 
embodiment, the fluid conduits 115 and/or 135 provide structural support for the 
apparatus 100, using the packer 110 to couple together the elements of the apparatus 

30 100. In this alternative embodiment, in a preferred embodiment, during the radial 
expanston process, the packer 110 may be unset and reset, after the slips 160 have 
anchored the tubular menfd>er 155 to the prevtous casing 170, within the tubular 
member 155. between radial expansion operations. In this manner, tiie packer 110 is 
moved downhole and the apparatus 100 is re-stroked. 
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The tubular member 155 is coupled tiS the mandrel launcher, the slips 160 and 
the seals 165. The tubular member 155 preferably is a tubular member fabricated from 
any number of conventional commerctaily available materials such as, for example* low 
alloy steel, cart)on steel, stainless steel, or oilfield country tubular goods. In a preferred 
embodiment, the tubular member 155 is fabricated from oilfield country tubular goods. 

The slips 160 are coupled to the outside surface of the tubular member 155. 
The slips 160 preferably are adapted to couple to the interior walls of a casing, pipeline 
or other stmcture upon the radial expansion of the tubular member 155. In this 
manner, the slips 160 provide structural support for the expanded tubular member 155. 
The slips 160 may be any number of conventional commercially available slips such 
as. for example, RTTS packer tungsten carbide slips, RTTS packer wicker type 
mechanical slips or Model 3L retrievable bridge plug tungsten carbide upper 
. mechanical slips. In a preferred embodiment, the slips 160 are RTTS packer tungsten 
carbide mechanical slips available from Halliburton Energy Services. In a preferred 
embodiment, the slips 160 are adapted to support axial fon:»s ranging from at>out 0 to 
750,000 Ibf. 

The seals 165 are coupled to the outside surface of the tubular member 155. 
The seals 165 preferably provkfe a fluldic seal between the outside surface of the 
expanded tubular member 155 and the interior walls of a casing, pipeline or other 
struc^e upon the radial expansion of the tubular member 155. In this manner, the 
seals 165 provide a fluklic seal for the expanded tubular member 155. The seals 165 
may be any number of conventional commercially available seals such as, for example, 
nitrite mbber, lead, Aflas rubber, Teflon, epoxy, or other elastomers. In a preferred 
embodiment, the seals 165 are rubber seals availabte* from numerous commercial 
vendors in order to optimally provide pressure sealing and toad bearing capacity. 

During operation of the apparatus 100, the apparatus 100 is preferably lowered 
into a wellbore 180 having a preexisting sedton of wellbore casing 170. In a preferred 
embodiment, the apparatus 100 is positioned with at teast a portion of the tubular 
member 155 overiapping with a portion of the wellt>ore casing 170. In this manner, the 
radial expansion of the tubular member 155 will preferably cause the outside surface of 
the expanded tubular member 155 to couple with the inside surface of the wellbore 
casing 170. In a prefen^ed embodiment, the radial expansion of \he tubular member 
155 will also cause the slips 160 and seals 165 to engage with the interior surface of 
the welbore casing 170. In this manner, the expanded tubular member 155 is provided 
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with enhanced staictural support by the slips 160 and an enhanced fluid seal by the 
seals 165. 

As illustrated in PIG. lb, after ptacament of the apparatus 100 in an overiapfring 
relationship with the weibore casing 170, a fluidic material 185 Is preferably pumped 

5 into the chamber 175 ising the fluid passage 120 and the inlet passages 125. In a 
preferred embodiment the fluidIc material is pumped into the chamber 175 at operating 
pijessures and fkw rates ranging from about 0 to 9.000 psi and 0 to 3.000 
. gallons/minute In order to optimally provide flow rates and operational pressures for the 
radial expansion process. The pumped fluidic material 185 increase the operating 

10 pressure within the chamber 175. The increased operating pressure in the chamber 
175 then causes the mandrel 145 to extrude the mandrel launcher 150 and tubular 
member 155 off of the face of the mandrel 145. The extrusion of the mandrel launcher 
150 and tubular member 155 off of the face of the mandrel 145 causes the mandrel 
launcher 150 and tubular member 155 to expand in the radial direction. Continued 

15 pumping of the fluidic material 185 preferably causes the entire length of the tubular 
member 1 55 to expand in the radial direction. 

In a preferred embodiment, the pumping rate and pressure of the fluidic 
material 185 Is reduced during the latter stages of the extrusion process in order to 
minimize shock to the apparatus 100. In a preferred end>odiment, the apparatus 100 

20 includes shodc absort>ers for absorbing the shock caused by the completion of the 
extnjsk>n process. 

in a prefenred embodiment the extrusion process causes the mandrel 145 to 
move in an axial directkm 185. During the axial movement of the mandrel, in a 
preferred embodiment the fluM passage 140 opnveys flukJIc material 190 displaced by 
25 the moving mandrel 145 out of the wellbore 180. In this manner^ the operational 
efficiency and speed of the extruston process is enhanced. 

In a prefenred embodiment the extrusion process includes the injection of a 
hardenable fluidic material into the annular region between the tubular member 155 
and the bore hole 180. In this manner, a harden«l sealing layer is provided between 
30 the expanded tubular member 155 and the interior walls of the wellbore 180. 

As illustrated in FIG. 1c. in a preferred enrtfKxliment. upon the completion of the 
extruston process, the support member 105. packer 110, first fluid conduit 115, annular 
seal 130, second fluid conduit 135, mandrel 145, and mandrel launcher 150 are moved 
from the wellt>ore 1 80. 
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In an alternative embodiment, the apparatus 100 is used to repair a preexisting 
wellbore casing or pipeline. In thte alternative emt)odiment. both ends of the tubular 
member 1 55 preferably include slips 160 and seals 1 65. 

In an alternative embodiment, the apparatus 100 is used to fcmn a tubular 
structural support for a building or offshore strucAjre, 

Referring now to FIGS. 2a, 2b, 2c. 2d. and 2e, an apparatus 200 for expanding 
a tubular member will be described. In a preferred embodiment, the apparatus 200 
includes a support member 205. a mandrel launcher 210. a mandrel 215. a first fluid 
passage 220, a tubular niember 225. slips 230. seals 235, a shoe 240. and a second 
fluid passage 245. In a preferred embodiment, the apparatus 200 is used to radially 
expand the mandrel launcher 210 and tubular member 225. In this manner, the 
apparatus 200 may be used to form a wellbore casing, line a wellbore casing, form a 
pipeline, line a pipeline, form a stmctural support member, or repair a wellbore casing, 
pipeline or structural support member. In a prefenred embodiment, the apparatus 200 
is used to dad at least a portion of the tubular member 225 onto a preexisting structural 
member. 

The support member 205 is preferably coupled to the mandrel launcher 210. 
The support member 205 preferably is a tubular member fabricated from any number 
of conventional comnr^rdally available materials such as, for example, oilfield country 
tubular goods, low alloy steely carbon steel, or stainless steel. The support member 
.205, the mandrel launcher 210. the tubular member 225. and the shoe 240 are 
preferably selected to Tit through a preexisting sedion of wellbore casing 250. In this 
manner, the apparatus 200 may be positioned within the wellbore casing 270. In a 
prefened embodiment, the support member 205 is releasably coupled to the mandrel 
launcher 210. In this manner, the support member 205 may be decoupled from the 
mandrel launcher 210 upon the completion of an extruston operation. 

The mandrel launcher 210 is coupled to the support member 205 and the 
tubular member 225. The mandrel launcher 210 preferably are a tubular member 
having a variable cross-section and a reduced wall thickness in order to facilitate ttie 
radial expansion process. In a preferred eml>odiment, the cross-sedional area of the 
mandrel launcher 210 at one end is adapted to mate with the mandrel 215, and at the 
other end. the cross-sectional area of the mandrel launcher 210 is adapted to match 
the cross-sectional area of the tubular member 225. In a preferred embodiment, the 
wall thickness of the mandrel laundier 210 ranges from about 50 to 100 % of the wall 
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thickness of the tubular member 225 in order to facilitate the initiation of the radial 
expansion process. 

The mandrel launcher 210 may be fabricated from any number of conventional 
commerdally available materials such as, for example, oilfield country tubular goods, 
5 low aHow steel, stainless steel, or cart)on steel, in a preferred embodiment, the 
mandrel launcher 210 is fabricated firom oilfield country tubular goods having higher 
strength but lower wall thickness tlian the tubular member 225 in order to optimally 
match the burst strength of the tubular member 225. In a preferred embodiment, the 
mandrel launcher 210 is removably coupled to the tubular member 225. In this 

10 manner, the mandrel launcher 210 may be removed from the welibore 260 upon the 
completion of an extrusion operation. 

The mandrel 215 is coupled to the mandrel launcher 210;; The mandrel 215 
preferably are an annular member having a conic section fabricated from any number 
of conventional commercially available nraterials such as, for example, machine tool 

15 steel, ceramics, tungsten carbide, titanium or other high strength alloys. In a prefenred 
embodinrient, the angle of the conic section of the mandrel 215 ranges from about 0 to 
30 diegrees in onjer to optimally expand the mandrel launcher 210 and the tubular 
member 225 in the radial direction. In a prefened embodiment, the surface of the conic 
section ranges from about 58 to 62 Rockwell C in order to optimally provide high yieM 

20 strengtti. In a preferred embodiment, the e)q3ansion cone 215 is heat treated in order 
to optimally pro^e a hard outer surface and a resilient interior body in . order to 
optimally provkie abrasiovi resistance and fracture toughness. In an alternative 
embodinnent, the mandrel 215 is expendible in order to'furtiier optinoally augment 
radial expansion process. 

25 The fluid passage 220 is positioned within the mandrel 215. The fluki passage 

220 is preferably adapted to convey fluidic materials such as cement, water, epoxy, 
lubricants, and slag mix at operating pressures and flow rates ranging from about 0 to 
g.OOO psi and 0 te 3,000 gallons/minute in order to optimally provkie flow rates and 
operational pressures for the radial expansion process. The fluid passage 220 

30 preferably includes an inlet 265 adapted to receive a plug, or other similar device. In 
tills manner, the interior chamber 270 above Uie mandrel 215 may be fluididy isolated 
from ttie interior chamber 275 below Uie rnandrel 215. 

The tubular member 225 is coupled to the mandrel launcher 210, ttie slips 230 
and VhB seals 235. The tubular member 225 preferably is a tubular member fabricated 

35 from any number of conventionsri commercially available materials such as, for 
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example, low alloy steel, carbon steel, stainless steel, or oilfield country tubular goods. 
In a preferred embodinient, the tubular member 225 is febricated from oilfield country 
tubular goods. 

The slips 230 are coupled to the outside surface of the tubular member 225. 
5 The slips 230 preferably are adapted to couple to the interior walls of a casing, pipeline 
^ or other structure upon the radial expansion of the tubular member 225. In this 

manner, the slips 230 provide stnictural support for the expanded tubular member 225. 

The slips 230 may be any number of conventional commercially available slips such 

as. for example, RTTS packer tungsten carbide mechanical slips, RTTS packer wicker 
10 type mechanical slips, or Model 3L retrievable bridge plug tungsten carbide upper 

mechanical slips. In a preferred embodiment, the slips 230 are adapted to support 

a)dal forces ranging from about 0 to 750,000 Ibf. 

The seals 235 are coupled to the outskJe surface of the tubular member 225. 

The seals 235 preferably provide a fluidic seat between the outside surface of the 
15 expanded tubular member 225 and the Interior walls of a casing, pipeline or other 

stmcture upon the radial expansk)n of the tubular member 225. In this manner, the 

seals 235 provide a fiuMic seal for the expanded tubular member 225. The seals 235 

may be any number of conventk>nal commerdaily available seals such as. for example. 

nitaHe nibber, lead, Aflas rubber, Tefton, epoxy or other elastomers. In a prefenned 
20 embodiment, the seals 235 are conventional rubber seals available from various 

commercial vendors in order to optimally provkie pressure sealing and load bearing 

capacity. 

The shoe 240 is coupled to the tubular member 225. The shoe 240 preferably 
Is a substantially tubular member having a fluid passage 245 for conveying fluidic 
25 materials from the chamber 275 to the annular region 270 outside of the apparatus 
200. The shoe 240 may be any number of conventional commerdaily available shoes 
such as, for example, a Super Seal II float shoe, a Super Seal II Down-Jet float shoe, 
or a guide shoe with a sealing sleeve for a latch down plug modified In accordance with 
(he teachings of the present disclosure. In a preferred embodiment, the shoe 240 is an 
' 30 aluminum down-jet guide shoe with a sealing sleeve for a latch down plug, available 

from Halliburton Energy Sen^ices, modified in accordance with the teachings of the 
present disddsure. in order to opitimally guide the tubular member 225 In the wellbore, 
c^timally provide a fluidic seal between the interior and exterior diameters of the 
overlapping joint between the tubular members, and opfimaHy fadHtate the complete 
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drffling out of the sho^ and plug upon the completion of the cementing and radial, 
expansion operations. 

During operatim of the apparatus 200, the apparatus 200 is preferably towered 
Into a wellbore 260 having a preexisting secHon qf weUbore casing 275. In a preferred 
embodiment, the apparatus 200 Is 4x>sitioned with at leas^ a portion of the tubular 
member 225 overlapping with a portion of the wellbore casing 275. In this manner, t^e 
radial expansion of the tubular member 225 will preferably cause the outside surface of 
the expanded tubular member 225 to couple with the inside surface of the wellbore 
casing 275. in a (HBfened embodiment, the radial expansion of the tubular nnember 
225 will also cause the. slips 230 and seals 235 to engage with the interior surface of 
the wellbore casing 275. In this manner, the expanded tubular member 225 is provided 
with enhanced structural support by the slips 230 and an enhanced fluid seal by the 
seals 235. 

As illustrated in FIG. 2b, after placement of the apparatus 200 in an overlapping 
relationship with the wellbore casing 275, a fluidic material 280 is preferably pumped 
into the chamber 270. The fluidic niateriai 280 then passes through the fluid passage 
220 into the chamber 275. The fluidic material 280 then passes out of the chamber 
275, through the fluid passage 245» and into the annidar regkm 270. In a preferred 
embodiment, the fluidic material 280 is pumped into the chamber 270 at operating 
pressures and flow rat^ ranging firom about 0 to 9,000 psi and 0 to 3,000 
galtons/hiinute In order to optimally provide flow rates and operational pressures for the 
radial expanston process, in a preferred embodiment, the fluidic material 280 Is a 
hardenable fluidic sealing material in order to fdrm a hardened outer annular member 
around the expanded tubular merhber 225. - 

As Illustrated In FIG. 2c. at some later point in the process, a ball 285^ plug or 
other similar device, is introduced into the pumped fluidic material 280. In a prefened 
embodiment the ball 285 mates with and seals ofF the inlet 265 of the fluid ps^ge 
220. In this manner, the chamber 270 Is fluididy isolated fnDni the chamber 275, 

As illustrated in FIG. 2d, after placement of the ball 285 in the inlet 265 of the 
fluid passage 220, a fluidic material 290 is pumped into the chamber 270. The fluidic 
material is preferably pumped into the chamber 270 at operating pressures and flow 
rates ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute in order to 
provide optimal operating effidency. The fluidic material 290 nniay be any number of 
conventional commercially available materials such as, for example, water, drilling 
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mud, cement, epoxy. or slag mix. In a preferred embodin>ent, the fluidic material 29D is 
a non-hardenable fluidic nnaterial in order to maximize operational efficiency. 

Continued pumping of the fluidic material 290 increases fliddic material 280 
increases the operatbig pressure within the chamt>er 270. The increased operating 
5 pressure in the chamt>er 270 then causes the mandrel 21 5 to extrude the mandrel 
launcher 210 and tulwlar member 225 off of the conical face of the mandrel 215. The 
extruston of the mandrel launcher 210 and tubular member 225 off of the conical face 
of the mandrel 215 causes the niandrel launcher 210 and tubular member 225 to 
expand in the radial direction. Continued pumping of the fluidic material 290 preferably 

10 causes the entire length erf the tubular member 225 to expand in the radial direction. 

In a preferred embodiment, the pumping rate and pressure of the fluidic 
material 290 is reduced during the latter stages of the extrusion process in order to 
minimize shock to the apparatus 200. In a prefenred embodiment, the apparatus 200 
includes shock absorbers for absorbing the shock caused by the completion of the 

15 extrusion process. In a preferred embodiment, the extrusion process causes the 
mandrel 21 5 to move in an axial direction 295. 

As illustrated In HG. 2e, in a preferred embodiment, upon the completion of the 
extrusbn process, the support member 205. packer 210, first fluid conduit 215, annular 
seal 230, second fluid conduit 235, niandrel 245, and mandrel launcher 250 are 

20 removed from the wellbore 280. In a preferred embodiment, the resulting new section 
of wellbore casing includes ttie preexisting wellbore casing 275; the expanded tubular 
member 225. the slips 230, the seals 235. the shoe 240, and an outer annular layer 
4000 of hardened fluidic material. 

In an attemative embodiment the apparatus 200 is used to repair a preexisting 

25 wellbore casing or pipeline. In this alternative embodlnment, both ends of the tubular 
member 255 preferably include slips 260 and seals 265. 

In an alternative embodiment, the apparatus 200 is used to form a tubular 
structural support for a tHiilding or offshore structure. 

In a preferred embodiment, the tubular members 105 and 225; shoes 240; 

30 expansion cone launchers 150 and 210; and expansion cones 145 and 215 are 
provided substantially as described in one or more of the following U.S. patent 

applications: (1) utility patent applteation number , attorney docket 

number 25791.9.02, filed on 11*16-1999, which claimed the benefit of the filing date of 
provisional patent application number 60/108,558. attorney docket number 25791.9, 

35 filed on 1 1-16-1998; (2) utility patent application number , attorney docket 
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timber 25791.3.02. filed cm 12-3-1999, which ciaimed the benefit of the filing date of 
provisional patent appHcatlon tnnvbeT 60/111.293. attorney docket number 25791.3. 
fDed on 12-7-1998; (3) utiBty patent application riumber attorney docket 

number 25791.8.02. filed on 2-10-2000, which ciaimed tiw berwfit of the lilhg date of 
provisional patent application number 60/119,611, attorney docket number 25791.8. 
filed on 2-11-1999; (4) provfeional patent application number 60/121.702, attorney 
docket number 25791.7, filed on 2-25-1999; (5) provisional patent applicatton number 
60/121,841, attorney docket nun*er 25791.12, filed on 2-26-1999; (6) provisional 
patent application number 60/121,907, attorney docket number 25791,16. filed on 2- 
26-1999; (7) provisional patent applicatton number 60/124.042, attorney docket number 
25791.11. filed on 3-11-1999; (8) provisional patent applfcation number 60/131.106. 
attorney docket number 25791.23, filed on 4-26-1999; (9) provisional patent application 
number 60/137,998, attorney docket number 25791.17, filed on 6-7-1999; (10) 
provisional patent applicatton number 60/143,039, attorney docket number 25791.26, 
IHed on 7-SH999: (11) provistonai patent application number 60/146.203, attorney 
docket number 25791.25. filed on 7-29-1999; (12) provisional patent application 

navber attorney docket nund)er 25791.29, filed on 9-16-1999; (13) 

provisional patent appiicatton number . attorney docket number 

25791.34. filed on 10-12-1999; (14) provisk>nal patent applicatkxi number , 

attorney docket number 25791.36. filed on 10-12-1999; (13) proviskHisd patent 
appitoalkm number 60/159,033, attorney docket number 25791.37, filed on 10-12- 

1999; (15) provisional patent appiteatton number . attorney docket 

number 25791.27. filed on 11-01-1999. Applicants incorporate by reference the 
disclosures of these appiicattons. 

Atthough illustrative embodiments of the invention have been shown and 
described, a wide range of modification, changes and substitutton is contemplated in 
the foregoing disclosure, in some instances, .some features of ttie present invention 
may be emptoyed wtthout a coaesponding use of Uie other features., /teoordingly. it is 
appropriate that the appended daims be construed broadly and in a manner consistent 
with the scope of ttie invention. 
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aaims 

1 . An apparatus, oomprising: 
a tubular memt>er; 

a piston adapted to expand the diameter of the tubular mennber positioned 
within the tubular member, the piston including a passage for conveying fluids out of 
the tutHilar member, and 

an annular chamber defined by the piston and tubular member. 

2 . The apparatus of claim 1 , wherein the piston includes a conical surface. 

3 . The apparatus of claim 2, wherein the angle of attack of the conical surface 
ranges from 0 to 30 degrees. 

4. The apparatus of dalm 3, wherein the conical surface has a surface hardness 
ranging from 58 to 62 Rockwell C. 

5. The apparatus of dalm 3, wherein the tubular member Indudes one or more 
sealing members coupled to the exterior surface of the tubular member. 

6. An apparatus, comprising: 

a tubular member having a first portion, a second portion, and a third portion; 

and 

a piston adapted to expand the diameter of the tubular member positioned 
within the second portion of the tubular member, the piston induding a passage for 
^ conveying flukJs out of the tubular member; 

whefreln the inside diameter of the second portion of the tubular member is 
greater than the inside diameters of the first and third porttons of the tubular member. 

7. The apparatus of daim 6, wherein the piston indudes a conical surface. 

8. The apparatus of dalm 7, wherein the angle of attack of the conical surface 
ranges from 0 to 30 degrees. 

9. The apparatus of daim 7, wherein the conical surface has a sur^ce hardness 
ranging from 58 to 62 Rockwell C. 
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1 0. The apparatus of daim 6, wherein the tutHJiar member includes one or more 
sealing members ooupl^ to the exterior surface of the tubular member. 
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